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(57) ABSTRACT

There 1s described a rectifier circuit for providing and
limiting a supply voltage to an RFID tag, the circuit includ-
ing a pair of antenna mput terminals configured to receive an
input signal from an RFID tag antenna. A plurality of charge
pump stages are coupled in cascade 1n such a way that an
input terminal of a first charge pump stage in the cascade 1s
connected to ground and an mnput terminal of each subse-
quent charge pump stage in the cascade 1s coupled to an
output terminal of the preceding charge pump stage in the
cascade. A control logic 1s configured to select the output
terminal of one charge pump stage among the plurality of
charge pump stages to provide the supply voltage. Further-
more, an RFID tag and a method of providing and limiting
a supply voltage to an RFID tag are described.

19 Claims, 2 Drawing Sheets
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PROVIDING A PAIR OF ANTENNA
TERMINALS TO RECEIVE AN

INPUT SIGNAL FROM AN RFID

TAG ANTENNA FROM AN RFID TAG

PROVIDING CHARGE PUMP STAGES
COUPLED IN CASCADE AND
CONNECTED TO THE PAIR OF
ANTENNA TERMINALS

SELECTING AN OUTPUT TERMINAL
OF ONE OF THE CHARGE PUMP
STAGES TO PROVIDE A SUPPLY
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RECTIFIER CIRCUITS AND
CORRESPONDING METHODS FOR RFID
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. § 119 to

European Patent Application No. 20208784.7, filed on Nov.
20, 2020, the contents of which are incorporated by refer-
ence herein.

TECHNICAL FIELD

The present disclosure relates to the field of RF commu-
nication devices. More specifically, the present disclosure
relates to rectifier circuits and methods for providing and
limiting a supply voltage to an RFID tag. Furthermore, the
present disclosure relates to an RFID tag comprising a
corresponding rectifier circuit.

ART BACKGROUND

State of the art passive UHF RFID tags use a charge pump
for generating the main power supply, 1.e. by converting the
AC voltage from the antenna into a DC supply voltage. The
output voltage of this rectifier 1s strongly dependent on 1mnput
power and impedance matching. To prevent physical dam-
age to the electronic components 1n RFID tags, state of the
art 1mplementations utilize a charge pump limiter that
clamps the output voltage of the rectifier to a certain level.
However, this approach causes the tag impedance to change
and thus has a strong de-tuming eflect which may lead to
significant reductions 1n the return link performance, 1.e. a
reduced strength of the signal received by the reader device.

There may thus be a need for a way of providing a rectifier
circuit that has eflicient voltage limitation but without the
alforementioned drawbacks.

SUMMARY

This need may be met by the subject matter according to
the independent claims. Advantageous embodiments of the
present disclosure are set forth in the dependent claims.

According to a first aspect, there 1s provided a rectifier
circuit for providing and limiting a supply voltage to an
RFID tag, the circuit comprising a pair of antenna input
terminals configured to receive an iput signal from an
RFID tag antenna; a plurality of charge pumps stages, each
charge pump stage comprising a pair ol charging terminals
connected to the pair of antenna mnput terminals, an 1nput
terminal, and an output terminal, wherein the plurality of
charge pump stages are coupled in cascade in such a way
that the iput terminal of a first charge pump stage in the
cascade 1s connected to ground and the mput terminal of
cach subsequent charge pump stage in the cascade 1s coupled
to the output terminal of the preceding charge pump stage in
the cascade; and a control logic configured to select the
output terminal of one charge pump stage among the plu-
rality of charge pump stages to provide the supply voltage.

This aspect 1s based on the 1dea that the desired supply
voltage 1s selectively taken from an output terminal of one
ol a plurality of charge pump stages coupled 1n a cascade-
like manner. Each single charge pump stage in the cascade
1s connected to the antenna input (to be charged by an 1mnput
signal received from an RFID antenna) such that the cascade
of charge pump stages presents a constant impedance 1nde-
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pendent of which particular charge pump stage 1s selected
for providing the supply voltage at a given time. Hence, the
power supply circuit 1s capable of providing a desired and
limited supply voltage while maintaining an essentially
constant impedance. As the charge pump stages are coupled
in cascade, none of the individual charge pump stages is
exposed to the total supply voltage. In other words, the
charge pump stages are floating. Due to the constant imped-
ance of the circuit, decoupling effects can be avoided, and a
correspondingly eflicient return link performance 1s assured.

According to an embodiment, each of the plurality of
charge pump stages 1s configured to provide a predetermined
voltage difference between its respective output terminal and
input terminal.

In other words, the voltage difference between output and
input terminal of any charge pump stage in the cascade 1s
essentially the same. Thus, 11 the predetermined voltage
difference 1s positive, e.g. 0.2 V, then the voltage at the
output terminal of the fifth charge pump stage in the cascade
(where the first charge pump stage in the cascade has its
input terminal connected to ground) will be equal to 1.0 V.
Similarly, 11 the voltage difference 1s negative, e.g. -0.2 'V,
then the voltage at the output terminal of the fifth charge
pump stage in the cascade will be equal to -1.0 V. The
predetermined voltage diflerence 1s dependent on the power
ol the received mput signal.

According to a further embodiment, the control logic 1s
configured to select the output terminal of the charge pump
among the plurality of charge pump stages at which output
terminal the voltage 1s closest to and not above an upper
threshold voltage.

In other words, the control logic selects the charge pump
output terminal that has voltage as close as possible to the
upper threshold voltage without exceeding said upper
threshold voltage.

According to a further embodiment, the control logic 1s
configured to 1nmitially select the output terminal of the last
charge pump in the cascade, compare the voltage at the
initially selected output terminal with an upper threshold
voltage, and 1f said voltage exceeds the upper threshold
voltage, select the output terminal of the one of the preced-
ing charge pumps in the cascade, at which output terminal
the voltage 1s closest to and not above said upper threshold
voltage.

In this embodiment, the control logic starts with the
output terminal of the last charge pump 1n the cascade, 1.e.
the highest voltage available, and compares this voltage with
the upper threshold voltage. The comparison may be done
utilizing a comparator circuit. If the corresponding voltage
exceeds the upper threshold voltage, the control logic moves
backwards through the cascade of charge pump stages until
an output terminal 1s found that has a voltage below or equal
to the upper threshold voltage.

According to a further embodiment, the control logic
comprises a plurality of controllable switches, each switch
being arranged between the output terminal of one of the
plurality of charge pump stages and a rectifier output ter-
minal.

According to a further embodiment, the control logic 1s
configured to close and open the plurality of switches such
that the selected output terminal 1s connected to the rectifier
output terminal.

According to a further embodiment, the pair of antenna
input terminals comprises a positive mput terminal and a
negative mput terminal, the pair of charging terminals of
cach charge pump stage comprises a positive charging
terminal and a negative charging terminal, and for any two
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neighboring charge pump stages in the cascade, the positive
charging terminal of one of the two neighboring charge
pump stages 1s connected to the positive mput terminal, the
positive charging terminal of the other one of the two
neighboring charge pump stages 1s connected to the negative
input terminal, the negative charging terminal of the one of
the two neighboring charge pumps 1s connected to the
negative input terminal, and the negative charging terminal
of the other one of the two neighboring charge pump stages
1s connected to the positive input terminal.

In other words, the charge pumps in the cascade are
arranged with alternating polarity of the charge terminals
relative to the antenna input terminals such that neighboring,
charge pump stages receive alternating phases at their
respective charging terminals. Thereby, eflicient charging
can be achieved for mput signals with high frequency.

According to a second aspect, there 1s provided an RFID
tag comprising an RFID tag antenna, an RFID tag process-
ing circuit, and a rectifier circuit configured to provide and
limit a supply voltage to the RFID tag processing circuit.
The rectifier circuit comprises a pair of antenna input
terminals coupled to receive an iput signal from the RFID
tag antenna, a plurality of charge pump stages, each charge
pump stage comprising a pair of charging terminals con-
nected to the pair of antenna input terminals, an input
terminal, and an output terminal, wherein the plurality of
charge pump stages are coupled in cascade i1n such a way
that the iput terminal of a first charge pump stage in the
cascade 1s connected to ground and the mput terminal of
cach subsequent charge pump stage in the cascade 1s coupled
to the output terminal of the preceding charge pump stage in
the cascade, and a control logic configured to select the
output terminal of one charge pump stage among the plu-
rality of charge pump stages to provide the supply voltage.

This aspect 1s essentially based on the same 1dea as the
first aspect discussed above and provides an RFID tag
utilizing the rectifier circuit according to the first aspect.
Hence, the supply voltage for the RFID tag processing
circuit 1s selectively taken from an output terminal of one of
a plurality of charge pump stages coupled 1n a cascade-like
manner. Hach single charge pump stage 1n the cascade 1s
connected to the antenna mput (to be charged by an 1nput
signal received from the RFID antenna) such that the
cascade of charge pumps presents a constant impedance
independent of which particular charge pump stage 1is
selected for providing the supply voltage at a given time.
Hence, the power supply circuit i1s capable of providing a
suitable and limited supply voltage while maintaining an
essentially constant input impedance. As the charge pump
stages are coupled 1n cascade, none of the individual charge
pump stages 1s exposed to the total supply voltage. In other
words, the charge pump stages are floating. Due to the
constant mput impedance of the circuit, decoupling effects
can be avoided, and a correspondingly eflicient return link
performance 1s assured.

According to a further embodiment, each of the plurality
of charge pump stages are configured to provide a prede-
termined voltage difference between its respective output
terminal and mput terminal.

In other words, the voltage diflerence between output and
input terminal of any charge pump 1n the cascade 1s essen-
tially the same. Thus, i1 the predetermined voltage difference
1s positive, e.g. 0.2 'V, then the voltage at the output terminal
of the fifth charge pump stage 1n the cascade (where the first
charge pump stage 1n the cascade has its mput terminal
connected to ground) will be equal to 1.0 V. Similarly, 11 the
voltage difference 1s negative, e.g. —0.2 V, then the voltage
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at the output terminal of the fifth charge pump stage in the
cascade will be equal to —1.0 V. The predetermined voltage
difference 1s dependent on the power of the received mput
signal.

According to a further embodiment, the control logic 1s
configured to select the output terminal of the charge pump
stage among the plurality of charge pump stages at which
output terminal the voltage i1s closest to and not above an
upper threshold voltage.

In other words, the control logic selects the charge pump
stage output terminal that has voltage as close as possible to
the upper threshold voltage without exceeding said upper
threshold voltage.

According to a further embodiment, the control logic 1s
configured to mitially select the output terminal of the last
charge pump stage 1n the cascade, compare the voltage at the
mitially selected output terminal with an upper threshold
voltage, and i1 said voltage exceeds the upper threshold
voltage, select the output terminal of the one of the preced-
ing charge pump stages in the cascade, at which output
terminal the voltage 1s closest to and not above said upper
threshold voltage.

In this embodiment, the control logic starts with the
output terminal of the last charge pump stage 1n the cascade,
1.e. the highest voltage available, and compares this voltage
with the upper threshold voltage. The comparison may be
done utilizing a comparator circuit. If the corresponding
voltage exceeds the upper threshold voltage, the control
logic moves backwards through the cascade of charge pump
stages until an output terminal 1s found that has a voltage
below or equal to the upper threshold voltage.

According to a further embodiment, the control logic
comprises a plurality of controllable switches, each switch
being arranged between the output terminal of one of the
plurality of charge pump stages and a rectifier output ter-
minal.

According to a further embodiment, the control logic 1s
configured to close and open the plurality of switches such
that the selected output terminal 1s connected to the rectifier
output terminal.

According to a further embodiment, the pair of antenna
input terminals comprises a positive mput terminal and a
negative input terminal, the pair of charging terminals of
cach charge pump stage comprises a positive charging
terminal and a negative charging terminal, and for any two
neighboring charge pump stages in the cascade, the positive
charging terminal of one of the two neighboring charge
pump stages are connected to the positive input terminal, the
positive charging terminal of the other one of the two
neighboring charge pump stages are connected to the nega-
tive input terminal, the negative charging terminal of the one
of the two neighboring charge pump stages are connected to
the negative 1mput terminal, and the negative charging ter-
minal of the other one of the two neighboring charge pump
stages are connected to the positive iput terminal.

In other words, the charge pump stages in the cascade are
arranged with alternating polarity of the charge terminals
relative to the antenna mput terminals. Thereby, eflicient
charging can be achieved for mput signals with high fre-
quency.

According to a third aspect, there 1s provided a method of
providing and limiting a supply voltage to an RFID tag, the
method comprising providing a pair of antenna mput termi-
nals configured to recerve an iput signal from an RFID tag
antenna, providing a plurality of charge pump stages, each
charge pump stage comprising a pair ol charging terminals
connected to the pair of antenna mnput terminals, an 1mput
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terminal, and an output terminal, wherein the plurality of
charge pump stages are coupled 1n cascade 1n such a way
that the mput terminal of a first charge pump stage in the
cascade 1s connected to ground and the mput terminal of
cach subsequent charge pump stage in the cascade 1s coupled
to the output terminal of the preceding charge pump stage in
the cascade, and selecting the output terminal of one charge
pump stage among the plurality of charge pump stages to
provide the supply voltage.

This aspect 1s essentially based on the same 1dea as the
first and second aspects described above and provides a
corresponding method of providing a supply voltage to an
RFID tag according to which the supply voltage for the
RFID tag 1s selectively taken from an output terminal of one
of a plurality of charge pump stages coupled 1n a cascade-
like manner. Each single charge pump stage in the cascade
1s connected to the antenna input (to be charged by an 1mput
signal received from the RFID antenna) such that the
cascade of charge pump stages presents a constant imped-
ance mdependent of which particular charge pump stage 1s
selected for providing the supply voltage at a given time.
Hence, a suitable and limited supply voltage can be provided
while maintaining an essentially constant impedance. As the
charge pump stages are coupled in cascade, none of the
individual charge pump stages 1s exposed to the total supply
voltage. In other words, the charge pump stages are floating.
Due to the constant input impedance of the circuit, decou-
pling eflects can be avoided, and a correspondingly eflicient
return link performance 1s assured.

According to a further embodiment, the selecting step
comprises selecting the output terminal of the charge pump
stage among the plurality of charge pump stages at which
output terminal the voltage 1s closest to and not above an
upper threshold voltage.

In other words, the charge pump stage output terminal that
has voltage as close as possible to the upper threshold
voltage without exceeding said upper threshold voltage 1s
selected.

According to a further embodiment, the selecting step
comprises 1nitially selecting the output terminal of the last
charge pump stage in the cascade, comparing the voltage at
the 1nitially selected output terminal with an upper threshold
voltage, and 11 said voltage exceeds the upper threshold
voltage, selecting the output terminal of the one of the
preceding charge pump stages in the cascade, at which
output terminal the voltage 1s closest to and not above said
upper threshold voltage.

In this embodiment, the selection step starts with the
output terminal of the last charge pump stage 1n the cascade,
1.¢. the highest voltage available, and compares this voltage
with the upper threshold voltage. 11 the corresponding volt-
age exceeds the upper threshold voltage, the selection pro-
cess moves backwards through the cascade of charge pump
stages until an output terminal 1s found that has a voltage
below or equal to the upper threshold voltage.

According to a further embodiment, the selecting step
comprises operating a plurality of controllable switches,
cach switch being arranged between the output terminal of
one of the plurality of charge pump stages and a rectifier
output terminal.

According to a further embodiment, the selecting step
comprises closing and opening the plurality of switches such
that the selected output terminal 1s connected to the rectifier
output terminal.

It should be noted that exemplary embodiments have been
described with reference to different subject matters. In
particular, some embodiments have been described with
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6

reference to method type claims whereas other embodiments
have been described with reference to apparatus type claims.
However, a person skilled 1n the art will gather from the
above and the following description that, unless otherwise
indicated, 1n addition to any combination of features belong-
ing to one type of subject matter also any combination of
features relating to different subject matters, 1n particular a
combination of features of the method type claims and

features of the apparatus type claims, 1s also disclosed with
this document.

The aspects defined above and further aspects of the
present disclosure will be apparent from the examples of
embodiment to be described hereinaiter and are explained
with reference to the examples of embodiment. Aspects of
the present disclosure will be described 1 more detail
heremnafter with reference to examples of embodiment to
which the present disclosure 1s, however, not limited.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a block diagram of a rectifier circuit for an
RFID tag according to an embodiment.

FIG. 2 shows a circuit diagram of a rectifier circuit for an
RFID tag according to an embodiment.

FIG. 3 shows a tlowchart of a method of providing and
limiting a supply voltage to an RFID tag in accordance with
an embodiment.

DETAILED DESCRIPTION

The illustration in the drawing 1s schematic. It 1s noted
that 1n different figures, similar or identical elements are
provided with the same reference signs or with reference
signs, which differ only within the first digit.

FIG. 1 shows a block diagram of a rectifier circuit 100 for
an RFID tag according to an embodiment. The rectifier
circuit 100 comprises a pair of antenna nput terminals 102,
104 configured to receive an mput signal from an RFID tag
antenna (not shown), a plurality of charge pump stages 1101,
1102, 1103, 1102 coupled 1n cascade, and a control logic
120.

Each of the charge pump stages 1101, 1102, 1103, 110
comprises a pair of charging terminals connected to the pair
of antenna input terminals 102, 104, an 1mput terminal, and
an output terminal. More specifically, charge pump stage
1101 comprises charging terminal 1121 connected to
antenna mput terminal 102, charging terminal 1141 con-
nected to antenna input terminal 104, input terminal 1161,
and output terminal 1181. Charge pump stage 1102 com-
prises charging terminal 1122 connected to antenna input
terminal 102, charging terminal 1142 connected to antenna
input terminal 104, input terminal 1162, and output terminal
1182. Charge pump stage 1103 comprises charging terminal
1123 connected to antenna input terminal 102, charging
terminal 1143 connected to antenna input terminal 104,
input terminal 1163, and output terminal 1183. Charge pump
stage 110n comprises charging terminal 1127 connected to
antenna input terminal 102, charging terminal 114% con-
nected to antenna input terminal 104, input terminal 116z,
and output terminal 1187.

The charge pump stages 1101, 1102, 1103, 110z are
coupled 1n cascade 1 such a way that the iput terminal
1161 of the first charge pump stage 1101 1n the cascade 1s
connected to ground and the input terminal of each subse-
quent charge pump stage in the cascade 1s coupled to the
output terminal of the preceding charge pump stage in the
cascade. More specifically, the mput terminal 1162 of the
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second charge pump stage 1102 1s connected to the output
terminal 1181 of the first charge pump stage 1101, the input
terminal 1163 of the third charge pump stage 1103 1s
connected to the output terminal 1182 of the second charge
pump stage 1102, and the mput terminal 1167 of the last
(nth) charge pump stage 1107 1n the cascade 1s connected to
the output terminal of the next-to-last charge pump stage
(not shown). Hence, all charge pump stages 1101, 1102,
1103, 1102 in the cascade have their respective charging
terminals connected to the antenna input terminals 102, 104
and only “see” the voltage difference between their respec-
tive output and input terminals. This voltage diflerence 1s
preferably the same (or close to being the same) across each
charge pump stage in the cascade, such that the output
voltage increments with essentially the same amount for
cach charge pump stage in the cascade. The cascade of
charge pump stages 1101, 1102, 1103, 1102 1s also referred
to as a cascade of floating charge pump stages.

The power supply circuit further comprises a control logic
120 configured to select the output terminal 1181, 1182,
1183, 118 of one of the charge pump stages 1101, 1102,
1103, 110# to provide the supply voltage 140 for the RFID
tag circuitry (not shown). In this embodiment, the selection
1s done by providing control signals 1221, 1222, 1223, 122x
from the control logic 120 to each of a plurality of switches
1301, 1302, 130 1n order to close a connection between the
rectifier output terminal 140 and a single one of the charge
pump stage output terminals, such as output terminal 118#
of the last charge pump stage 1107 in the cascade. The
selection of the particular output terminal may involve
comparing (e.g. utilizing a comparator circuit) the corre-
sponding voltage to an upper threshold voltage and, 1f
necessary, stepping back through the cascade until an output
voltage 1s found that does not exceed the upper threshold
voltage. Once the proper charge pump stage output terminal
1s found, the corresponding supply voltage 140 1s provided
to the RFID tag circuitry which can then send its response
to the reader device from which the input signal originated.
For the rare and unlikely case, that the voltage at the output
terminal 1181 of the first charge pump stage 1s above the
threshold, the rectifier circuit may comprise a conventional
voltage limiter (not shown) to make sure that the rectifier
output voltage 1s below the upper threshold voltage. Only 1f
this limiter 1s activated, the circuit impedance will change
and corresponding detuning and reduction in return link
performance may occur.

FI1G. 2 shows a circuit diagram of a rectifier circuit 200 for
an RFID tag according to an embodiment. The overall
structure of rectifier circuit 200 1s similar to the circuit 100
shown 1n FIG. 1 and discussed above. More specifically, the
circuit 200 comprises a cascade of charge pump stages 2101,
2102, 2103, 210#n, each comprising two capacitors and four
transistors. More specifically, the first charge pump stage
2101 comprises capacitors C11, C21, NMOS transistors
111, T21, and PMOS transistors 131, T41. Similarly, the
second charge pump stage 2102 comprises capacitors C12,
C22, NMOS transistors 112, T22, and PMOS transistors
132, T42, while the third charge pump stage 2103 comprises
capacitors C13, C23, NMOS ftransistors 113, 123, and
PMOS transistors 133, 143 (not shown). Finally, the last
(n-th) charge pump stage 210z comprises capacitors Cluz,
C2n, NMOS transistors T1x, T2» (not shown), and PMOS
transistors 13n, Tdn. Preferably, all capacitors have the same
capacitance, and the corresponding transistors 1n the charge
pump stages are 1dentical. Referring to the first charge pump
stage 2101 as an example, the first capacitor C11 1s coupled
between the first charging terminal 2121 and the gates of
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transistors T21 and T41, while the second capacitor C21 1s
coupled between the second charging terminal 2141 and the
gates of transistors T11 and T31.

The first charge pump stage 2101 comprises a first charg-
ing terminal 2121 and a second charging terminal 2141, the
second charge pump stage 2102 comprises a {irst charging
terminal 2122 and a second charging terminal 2142, the third
charge pump stage 2103 comprises a first charging terminal
2123 and a second charging terminal 2143, and the n-th
charge pump stage 210n comprises a first charging terminal
2127 and a second charging terminal 214%. As can be seen
in FIG. 2, the first charging terminals 2121, 2123 of the first
and third charge pump stages 2101, 2103 (and other charge
pump stages located 1n an uneven numbered position in the
cascade) are located 1n the upper part of the circuit, while the
first charging terminal 2122 of the second charge pump stage
2102 (and other charge pump stages located 1n an even
numbered position 1n the cascade) are located 1n the lower
part of the circuit. Similarly, the second charging terminals
2141, 2143 of the first and third charge pump stages 2101,
2103 (and other charge pump stages located 1n an uneven
numbered position 1n the cascade) are located 1n the lower
part of the circuit, while the second charging terminal 2122
of the second charge pump stage 2102 (and other charge
pump stages located in an even numbered position 1n the
cascade) are located in the upper part of the circuit. Hence,
since the first charging terminals are all connected to one of
the mput terminals (not shown) while all second charging
terminals are connected to the other one of the mput termi-
nals (not shown), neighboring charge pump stages are
operating essentially 180° out of phase.

The first charge pump stage 2101 comprises output ter-
minals 2181, the second charge pump stage 2102 comprises
output terminals 2182, and the last charge pump stage 210
comprises output terminals 218#. Control logic and switches
(not shown) similar to the arrangement shown 1n FIG. 1 and
discussed above are configured to select and connect the
output terminals 2181, 2182, . . . 218» of one of the charge
pump stages 1n the cascade to provide the corresponding
supply voltage to the RFID tag circuitry as previously
discussed.

FIG. 3 shows a tlowchart of a method 300 of providing a
supply voltage to an RFID tag in accordance with an
embodiment.

The method 300 begins at 310 by providing a pair of
antenna mnput terminals configured to receive an input signal
from an RFID tag antenna.

Then, at 320, a plurality of charge pump stages 1s pro-
vided. Each charge pump stage comprises a pair of charging
terminals connected to the pair of antenna mput terminals,
an input terminal, and an output terminal. The plurality of
charge pump stages are coupled in cascade in such a way
that the input terminal of a first charge pump stage in the
cascade 1s connected to ground and the mput terminal of
cach subsequent charge pump stage in the cascade 1s coupled
to the output terminal of the preceding charge pump stage in
the cascade. The cascade of charge pump stages 1s formed to
have a certain and essentially constant impedance 1n order to
optimize matching and tuning.

At 330, the output terminal of one charge pump stage
among the plurality of charge pump stages 1s selected to

provide the supply voltage.

It 1s noted that, unless otherwise indicated, the use of
terms such as “upper”, “lower”, “left”, and “right” refers
solely to the orientation of the corresponding drawing.

It 1s noted that the term “comprising” does not exclude
other elements or steps and that the use of the articles “a” or
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“an” does not exclude a plurality. Also, elements described
in association with different embodiments may be com-
bined. It should also be noted that reference signs in the
claims should not be construed as limiting the scope of the
claims.

The invention claimed 1s:

1. A rectifier circuit for providing and limiting a supply
voltage to an RFID tag, the circuit comprising:

a pair ol antenna mput terminals configured to receive an

input signal from an RFID tag antenna;

a plurality of charge pump stages, each charge pump stage
comprising a pair of charging terminals connected to
the pair of antenna input terminals, an input terminal,
and an output terminal, wherein the plurality of charge
pump stages are coupled 1n cascade 1n such a way that
the mput terminal of a first charge pump stage in the
cascade 1s connected to ground and the mput terminal
of each subsequent charge pump stage 1n the cascade 1s
coupled to the output terminal of the preceding charge
pump stage 1n the cascade; and

a control logic configured to select the output terminal of
one charge pump stage among the plurality of charge
pump stages to provide the supply voltage.

2. The rectifier circuit according to claim 1, wherein each
of the plurality of charge pump stages 1s configured to
provide a predetermined voltage difference between its
respective output terminal and mput terminal.

3. The rectifier circuit according to claim 1, wherein the
control logic 1s configured to select the output terminal of the
charge pump stage among the plurality of charge pum
stages at which output terminal the voltage 1s closest to and
not above an upper threshold voltage.

4. The rectifier circuit according to claim 1, wherein the
control logic 1s configured to imtially select the output
terminal of the last charge pump stage in the cascade,
compare the voltage at the mnitially selected output terminal
with an upper threshold voltage, and 11 said voltage exceeds
the upper threshold voltage, select the output terminal of one
of the preceding charge pump stages 1n the cascade, at which
the output terminal voltage 1s closest to and not above said
upper threshold voltage.

5. The rectifier circuit according to claim 1, wherein the
control logic comprises a plurality of switches, each switch
being arranged between the output terminal of one of the
plurality of charge pump stages and a rectifier output ter-
minal.

6. The rectifier circuit according to claim 5, wherein the
control logic 1s configured to close and open the plurality of
switches such that the selected output terminal 1s connected
to the rectifier output terminal.

7. The rectifier circuit according to claim 1, wherein

the pair of antenna 1mput terminals comprises a positive
input terminal and a negative mput terminal,

the pair of charging terminals of each charge pump stage
comprises a positive charging terminal and a negative
charging terminal, and

for any two neighboring charge pump stages in the
cascade, the positive charging terminal of one of the
two neighboring charge pump stage 1s connected to the
positive iput terminal, the positive charging terminal
of the other one of the two neighboring charge pump
stage 1s connected to the negative mput terminal, the
negative charging terminal of the one of the two
neighboring charge pump stages 1s connected to the
negative mput terminal, and the negative charging
terminal of the other one of the two neighboring charge
pump stages 1s connected to the positive input terminal.
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8. An RFID tag comprising;

an RFID tag antenna;

an RFID tag processing circuit; and

a rectifier circuit configured to provide and limait a supply
voltage to the RFID tag processing circuit,

wherein the rectifier circuit comprises:

a pair ol antenna nput terminals coupled to receirve an
input signal from the RFID tag antenna;

a plurality of charge pump stages, each charge pump stage
comprising a pair of charging terminals connected to
the pair of antenna 1nput terminals, an mput terminal,
and an output terminal, wherein the plurality of charge
pump stages are coupled 1n cascade 1n such a way that
the mput terminal of a first charge pump stage in the
cascade 1s connected to ground and the mnput terminal
of each subsequent charge pump stage 1n the cascade 1s
coupled to the output terminal of the preceding charge
pump stage 1n the cascade; and

a control logic configured to select the output terminal of
one charge pump stage among the plurality of charge
pump stages to provide the supply voltage.

9. The RFID tag according to claim 8, wherein each of the
plurality of charge pump stages 1s configured to provide a
predetermined voltage diflerence between its respective
output terminal and input terminal.

10. The RFID tag according to claim 8, wherein the
control logic 1s configured to select the output terminal of the
charge pump stage among the plurality of charge pump
stages at which the output terminal voltage 1s closest to and
not above an upper threshold voltage.

11. The RFID tag according to claim 8, wherein the
control logic 1s configured to mitially select the output
terminal of the last charge pump stage in the cascade,
compare the voltage at the initially selected output terminal
with an upper threshold voltage, and 11 said voltage exceeds
the upper threshold voltage, select the output terminal of one
of the preceding charge pump stages 1n the cascade, at which
the output terminal voltage 1s closest to and not above said
upper threshold voltage.

12. The RFID tag according to claim 8, wherein the
control logic comprises a plurality of switches, each switch
being arranged between the output terminal of one of the
plurality of charge pump stages and a rectifier terminal.

13. The RFID tag according to claim 12, wherein the
control logic 1s configured to close and open the plurality of
switches such that the selected output terminal 1s connected
to the rectifier output terminal.

14. The RFID tag according to claim 8, wherein

the pair of antenna nput terminals comprises a positive
input terminal and a negative mput terminal,

the pair of charging terminals of each charge pump stage
comprises a positive charging terminal and a negative
charging terminal, and

for any two neighboring charge pump stages 1n the
cascade, the positive charging terminal of one of the
two neighboring charge pump stages 1s connected to
the positive mput terminal, the positive charging ter-
minal of the other one of the two neighboring charge
pump stages 1s connected to the negative mput termi-
nal, the negative charging terminal of the one of the two

neighboring charge pump stages 1s connected to the
negative mput terminal, and the negative charging
terminal of the other one of the two neighboring charge
pump stages 1s connected to the positive input terminal.
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15. A method of providing and limiting a supply voltage
to an RFID tag, the method comprising;:

providing a pair of antenna input terminals configured to
receive an mput signal from an RFID tag antenna;

providing a plurality of charge pump stages, each charge
pump stage comprising a pair ol charging terminals
connected to the pair of antenna mmput terminals, an
input terminal, and an output terminal, wherein the
plurality of charge pump stages are coupled in cascade
in such a way that the mput terminal of a first charge
pump stage in the cascade 1s connected to ground and
the mput terminal of each subsequent charge pump
stage 1n the cascade 1s coupled to the output terminal of
the preceding charge pump stage 1n the cascade; and

selecting the output terminal of one charge pump stage
among the plurality of charge pump stages to provide
the supply voltage.

16. The method according to claim 135, wherein the

selecting step comprises selecting the output terminal of the
charge pump stage among the plurality of charge pum

10
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stages at which the output terminal voltage 1s closest to and
not above an upper threshold voltage.

17. The method according to claim 15, wherein the
selecting step comprises 1nitially selecting the output termi-
nal of the last charge pump stage in the cascade, comparing
the voltage at the mnitially selected output terminal with an
upper threshold voltage, and 1f said voltage exceeds the
upper threshold voltage, selecting the output terminal of one
of the preceding charge pump stages 1n the cascade, at which
the output terminal voltage is closest to and not above said

upper threshold voltage.

18. The method according to claim 15, wherein the
selecting step comprises operating a plurality of switches,
cach switch being arranged between the output terminal of
one of the plurality of charge pump stages and a rectifier
output terminal.

19. The method according to claim 18, wherein the
selecting step comprises closing and opening the plurality of
switches such that the selected output terminal 1s connected
to the rectifier output terminal.
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